imal colon telescoped into distal colon. Animal B, a dead male, had fibrin tags adhered to the visceral and parietal pleura, pericardium, and diaphragm and a 1-cm-diameter abscess located on the apex of the heart. The moribund female, animal D, presented with a slight head tilt and yellowish-tan mucoid vaginal discharge. Following euthanasia and necropsy, the vaginal discharge was noted to extend into the uterus (mucometra). No other visceral involvement was noted in this animal.
Based upon postmortem findings, the following differential etiologic agents were considered: L. monocytogenes, Salmonella sp., and Yersina pseudotuberculosis. Samples of brain, lung, spleen, and thoracic fluid from all animals and a uterine swab from animal D were collected at necropsy for bacteriologic cultures. Brain, lung, spleen, and thoracic fluid were inoculated onto sheep blood agar and serum tellurite agar. a Intestinal contents were cultured on MacConkey's medium, enriched for Salmonella with selenite broth, followed by subculture to brilliant green agar and lysine iron agar. a The uterine swab was cultured on blood agar and MacConkey plates. a A complete set of tissues was collected and fixed in 10% neutral buffered formalin for histopathologic examination. The tissues were embedded in paraffin, sectioned at 3 µm, and stained with hematoxylin and eosin.
Histologically, all animals had random multifocal areas of hepatocellular necrosis and acute to subacute inflammation. Cellular debris, pyknotic nuclei, and neutrophils were located centrally, with few lymphocytes and histiocytes at the periphery of the necrotic foci ( Fig. 1A) . Transmural inflammation effaced the Peyer's patches of the small intestine and multifocal areas of cecum and colon ( Fig. 2A ). Mesenteric lymph nodes had large necrotic foci containing degenerate neutrophils surrounded by macrophages, lymphocytes, and plasma cells. Splenic sections had multifocal areas of necrosis and fibrin deposition. Animal B had acute to subacute pleuritis and pericarditis consisting of fibrin, neutrophils, macrophages, and proliferative fibroblasts. The pericardium and epicardium were replaced by alternating zones of proliferative fibroblasts, fibrin, and degenerate neutrophils. The uterus of animal D contained hyperplastic endometrial glands and mild metritis with moderate numbers of macrophages and lymphocytes. Only animal D had multifocal to coalescing microabscessation and rarefaction of the caudal cerebrum and brain stem. Bacteria were not seen in replicate Brown and Hopps-stained sections of these tissues.
To identify listerial antigens in the tissues with inflammatory lesions, selected formalin-fixed, paraffin-embedded sections were immunostained with commercially available rabbit polyclonal antiserum against L. monocytogenes b (1: 2,000 dilution). A modification of a published avidin-biotin immunoperoxidase procedure 14 was performed with a staining kit, c a biotinylated goat anti-rabbit immunoglobulin as the secondary antibody, c and 3-amino-9-ethyl-carbazole (AEC) d as the chromogen. Preceding immunolabeling, the tissue sections were deparaffinized in Pro-par, e dehydrated in 100% ethanol, blocked for endogenous peroxidases with 3% hydrogen peroxide in methanol, rehydrated in graded alcohols and water, blocked for nonspecific binding of primary antibody with 3% goat serum, and digested with 0.1% Pronase f for 10 minutes at 37 C. The positive control tissue consisted of formalin-fixed fetal bovine liver with hepatic necrosis from which L. rnouocytogenes had been isolated in pure culture prior to fixation. Negative control for the test was normal (nonimmune) rabbit serum applied to the Listeria-infected bovine fetal liver section and to the chinchilla tissues. Using this technique, listerial antigen-positive debris was identified as principally intracellular (in neutrophils and macrophages) deep-red staining of short rods and clusters of organisms within microabscesses and necrotic foci in the brain stem of animal D, in pericardial abscess in animal B, and in liver and intestine of animals A, B, and C (Figs. 1B, 2B). Rare extracellular listerial antigens also were highlighted by this method.
Within 3 days of submission, numerous bacteria were isolated from cultures of lung and thoracic fluid (animal B), spleen (animal C), and brain samples (animals A, D) and identified as L. monocytogenes based on the following criteria: gram-positive stain, beta hemolysis on sheep blood agar, a positive catalase reaction, positive CAMP test with Staphylococcus auerus, negative D-xylose fermentation, and motility at 20 C in a mannitol agar stab. Confirmation was performed with 1 isolate using the API 20 STREP identification system. g Listeria were recovered from 2 of 4 brains, including animal D, with brain stem microabscesses, and animal A, which had no macroscopic or microscopic lesions (Table 1 ). The Listeria isolates in all animals were susceptible to various antibiotics, including penicillin, tetracycline, trimethaprine-sulfadiazine, and chloramphenicol. Mixed bacterial growth was cultured from the brains of animal A and C and from thoracic fluid of animal C, indicating possible contamination or postmortem overgrowth. Many S. aureus were recovered from the uterine swab of chinchilla D. No Salmonella or Campylobacter were isolated from the intestinal samples cultured as described previously. No Campylobacter was detected with Victoria blue staining. Although the intestinal samples were not cultured specifically for Listeria, infection of the intestinal tract was demonstrated immunohistochemically in animals A, B, and C ( Table 1) .
The most common manifestation of listeriosis in chinchillas is microabscessation of the liver, mesenteric lymph nodes, and small and large intestines. 3,10 Intestinal intussusception and rectal prolapse has been reported as complications of enteritis. 5 These lesions may be confused with those produced by Y. pseudotuberculosis and Salmonella in chinchillas. 6 The bacteriologic isolation and immunohistochemical techniques confirmed the presence of Listeria in this breeding colony of chinchillas. Although Listeria is most frequently isolated from the liver, intestine, colon, and spleen in chinchillas, the organism also has been isolated from the lung, heart, and brain . 5, 10, 11 Torticollis is a commonly described symptom in chinchillas with Listeria-induced meningoencephalitis . 6,11 Chinchilla D had brain stem encephalitis without evidence of septicemia or digestive tract infection. Although the pathogen in chinchilla D could have accessed the brain via the oral cavity, as is speculated of Listeria invasion into the ruminant brain in which entry via axons and trigeminal nerves follows penetration of oral mucosa and the dental pulp when animals cut or lose teeth, 2 no oral lesions were observed in this animal. However, macroscopic oral wounds are not essential to the development of meningoencephalitis; it can be reproduced in mice and rabbits by microscopic inoculation of L. monocytogenes in the lip. 1 Because microscopic examination of trigeminal nerve and its branches to the oral cavity was not performed in these chinchillas, such a route of infection could not be confirmed. A hematogenous route of infection was not considered likely because of the lack of a septicemic process.
The predominance of digestive tract infection in chin- chillas A, B, and C is suggestive of oral entry via contaminated feed. Hay contaminated with rodent, chicken, or ruminant feces has been implicated in outbreaks of chinchilla listeriosis, and the removal of such contaminated feed often stops the development of new infections. 3, 5 Moreover, the visceral syndrome has been reproduced experimentally in adult nonpregnant chinchillas and white mice by oral inoculation with L. monocytogenes. 7, 9 Although the pelleted feed and hay was not cultured during this outbreak, they were strongly suspected to be contaminated with mouse droppings or ruminant feces. This pathogen also could have been transmitted easily among animals by coprophagia because animals defecated in the dust pan during dust baths and this dust pan was transferred from cage to cage. Recommendations to break the cycle of oral transmission included removal of contaminated feed, euthanasia and disposal of all moribund animals, and disinfection of cages, water bottles, and dust baths. The owners discontinued feeding hay, stored pelleted feed in a covered metal container, provided individual dust baths, euthanatized 30 sick animals, and removed mice from the premises. No problems were noted in the subsequent 6 months.
Listeria monocytogenes was isolated from tissues and identified readily within 72 hours by bacterial culture without cold enrichment. Listerial antigens could be detected in chinchilla tissues immunohistochemically utilizing commercially available rabbit polyclonal antiserum, which verified the presence of intracellular bacteria in microabscesses and necrotic foci even though a tissue Gram stain did not. Failure of Gram stains to detect Listeria has been reported for bovine brain sections with compatible histologic lesions and cerebrospinal fluid cells from human patients. 8, 13 The rapid immunohistochemical test used for these chinchillas could be utilized to verify Listeria organisms if tissues are unavailable for culture. Lack of Gram staining is likely due to the obligate intracellular life cycle of Listeria. This particular organism is capable of utilizing the host cell's actin machinery to propel itself through the cytoplasm of 1 cell into another cell without exposure to the extracellular environment. 13
